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(57)Abstract: 

PROBLEM TO BE SOLVED:To break IGBT without delay and besides, preventing the 
surge voltage break at the time of overcurrent of the IGBT, by turning on or turning off 
the IGBT constituting a power converter circuit or the like through a MOSFET. 
SOLUTION: At abnormality by overcurrent, an abnormality signal input 11 becomes L, 
the gate of a MOSFET2 large in drive capacity (small in ON resistance) is charged by a 
small constant current source 9, and the ascent gradient (accordingly, the descent 
gradient of IGBT gate voltage and collector current) of this gate voltage becomes slow, 
and the surge voltage by di/cJt does not arise, and besides the ON resistance of the 
MOSFET2 is small, so the delay of the start of descent of the IGBT is small, too. What 
is more, the threshold of the gate of the MOSFET4 is equal to that of the MOSFET2, 
and the delay of start of ON of the MOSFET2 is prevented, by quickly charging the 
gate of the MOSFET2 until the gate voltage of the MOSFET2 reaches the threshold, by 
MOSFET s 4, 5, 6, 8, 14, and 15 and a constant current source 7. 
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* NOTICES * 

Japan Patent Office is not responsible for any 
daaages caused by the use of this translation. 

1. This document has been translated by computer.So the translation may not reflect the original precisely. 
| 2. **** shows the word which can not be translated, 
j 3.ln the drawings, any words are not translated. 



; CLAIMS 



\ [Claim (s)] 

[Claim 1] A drive circuit with a soft interception means intercept this half-dynamic -body switching element through the 
aforementioned control terminal at the time of abnormalities, such as the overcurrent of a means of the solid-state-switching element 
for [ which is characterized by to provide the following ] a drive supply current to the control terminal at least at the time of a turn-on, 
the normal interception means which draws out current from this control terminal at the time of normal interception of this solid- 
state-switching element, and the aforementioned half dynamic-body switching element, so that the downward inclination of the 
principal current may become The aforementioned soft interception means is the control terminal of the aforementioned solid-state- 
switching element. The 1st voltage drive type transistor to which the main circuit was connected between the main terminals which 
become the reference potential side of the control signal of this solid-state-switching element. A ****** means to charge the gate of 
the 1st voltage drive type transistor so that the elevation inclination of the voltage of this gate may become loose. 

| [Claim 2] The drive circuit where the 1st voltage drive type transistor is characterized by serving as current drawing operation of the 

j aforementioned normal interception means, and performing it in a drive circuit according to claim 1. 

[Claim 3] The drive circuit where the aforementioned soft interception means is characterized by having a boosting-charge means to 

j charge the gate of the 1st voltage drive type transistor quickly until the voltage of this gate reaches a threshold in a drive circuit 

j according to claim 1 or 2. 

j [Claim 4] In a drive circuit according to claim 3, the aforementioned boosting-charge means has the same gate threshold as the 1st 
voltage drive type transistor. The 2nd voltage drive type transistor by which the gate and the source (or emitter) were connected in 
common with the 1st voltage drive type transistor, The drive circuit characterized by having a means to detect that current began to 
flow to the main circuit of the 2nd voltage drive type transistor, and to stop the aforementioned boosting charge. 
[Claim 5] The drive circuit characterized by connecting a capacitor between the gate of the 1st voltage drive type transistor, and a 
drain (or collector) in a drive circuit according to claim 1 to 4. 

[Claim 6] The drive circuit characterized by equipping the aforementioned soft interception means with a means to connect the 
aforementioned capacitor only at the time of the operation of the aforementioned ****** means, in a drive circuit according to claim 5. 

[Claim 7] The drive circuit where the aforementioned soft interception means is characterized by having the means which lowers the 
potential of this control terminal promptly in a drive circuit according to claim 1 to 6 after the potential of the control terminal of the 
aforementioned solid-state-switching element reaches the predetermined potential below a threshold. 

[Claim 8] The drive circuit characterized by the 1st voltage drive type transistor being MOSFET in a drive circuit according to claim 1 



[Translation done.] 
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i . DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[The technical field to which invention belongs] the drive circuit (the circuit which generates the signal for ON/OFF drive which adds 
to the control terminal of a so lid-state -switching element directly by considering ON/OFF signal from the outside as an input, and 
impresses) of a so lid -state -switching element where this invention is used for a power converter, especially the inverter of a motor for 
variable speed control, etc. — it is — especially — a load — simplistic — it is related to the drive circuit equipped with the soft 
interception function for preventing destruction of the element by the surge voltage based on big In addition, in each drawing, the same 
sign shows the same or a considerable portion below. 
[0002] 

[Description of the Prior. Art] Drawing 5 shows the example of composition of the conventional drive circuit, and shows the case where 
i IGBT30 is driven as a so lid -state -switching element for a drive. In this example, N channel MOSFET2 is used as a means to turn off, 
j using P-channel-MOS FET1 as a means to make IGBT30 turn on. 

j [0003] When an ON signal is inputted into the on-off-signal input terminal 12 at the time of the usual switching, by sending out the 
i signal which turns on MOSFET1, and the signal which turns off MOSFET2 to the gate of each FET 1 and 2, the pulley driver 3 charges 

the gate of IGBT30, and turns on IGBT30. 
j [0004] Moreover, conversely, when an OFF signal is inputted into the on-off-signal input terminal 12, by sending out the signal which 

turns off MOSFET1, and the signal which turns on MOSFET2 to the gate of each FET 1 and 2, the gate of IGBT30 is discharged and 

IGBT30 is turned off. 

[0005] When there is a possibility that current excessive to a switching element may flow according to accident, such as a load short 
circuit, and a switching element may break, a means to intercept a switching element and to protect a switching element and a load 
circuit is prepared in the drive circuit for a solid-state-switching element drive generally used for power converters, such as an 
inverter. 

[0006] In this case, since bigger current than the current usually dealt with is flowing, when a switching element is intercepted by the 
usual method, the surge voltage of Ldi/dt occurs with the inductance L which it has [ wiring ], and an element.may be destroyed by big 
di/o"t exceeding pressure-proofing of a switching element. 
| [0007] Drawing 8 is collector-current IC of IGBT at the time of making IGBT turn on and turn off after short-circuiting the load side of 
IGBT which is a so lid -state -switching element. The example of time transition with the collector-emitter voltage VCE is shown. 
[0008] That is, if the load side of IGBT is changed into a short circuit state and IGBT is made to turn on in t1 at a shell and the time, it 
is collector-current IC of IGBT. It goes up rapidly. In a high potential field, since the current of IGBT has constant-current nature, if it 
reaches the current value decided by the gate voltage of IGBT, it will arrive at the field restricted with fixed current. (After Current IC 
reaches a peak in drawing 8 , decreasing a little is based on the reasons of a temperature rise etc.) a protection here sake — Time t — 
if IGBT is intercepted by the usual method in 2, by very high -di/dt, in the collector to emitter voltage VCE of IGBT, the very high 
surge voltage shown as the solid line of drawing will occur, and an element will result in destruction 

[0009] In order to prevent this, it has the so-called soft interception function which intercepts a switching element gently at the time 
of abnormalities, such as an overcurrent, in many cases in the driver circuit of a switching element. 

[0010] In the example of drawing 5 , the overcurrent detection circuit which is not illustrated detects an overcurrent and an unusual 
signal is given to the unusual signal input terminal 11. While the pulley driver 3 sends out the signal which turns off P-channel-MOS 
FET1 based on this unusual signal, it sends out the signal which turns on N channel MOSFET20. 

[001 1] It is designed like and this N channel MOSFET20 draws out the charge with current drawing capacity lower (it is got blocked and 
j an on resistance is large) than N channel MOSFET2 accumulated at the gate of IGBT30 more nearly gently than the time of the usual 
i switching. For this reason, the turn-off of IGBT30 is carried out gradually, and it prevents that di/dt becomes large. The dashed line of 
j drawing 8 shows this situation. 
• [0012] 

[Problem(s) to be Solved by the Invention] Drawin g 7 shows the example of the main circuit of the common inverter equipment 
containing IGBT driven in the above drive circuits. IGBT30 (30-1 to 30-6) of six each and the free wheel diode 40 (40-1 to 40-6) (FWD 
and brief sketch) from which this inverter circuit constitutes the inverse transformation bridge circuit of a three phase circuit, It is 
constituted by IC41 (41-1 to 41-3) which carries out the control drive of the gate of three upper arms IGBT 30-1 to 30-3, 
respectively, IC42 which carries out the control drive of the gate of three lower arms IGBT 30-4 to 30-6. 

[0013] Each gate control drive 41 and ICs 42 makes six IGBT(s) turn on /turn off so that rotating magnetic field may occur in the coil 
of a motor 43 by the control circuit outside drawing. For example, when the state of ON of the state of ON of 30-1, 30-5, and 30-6, 
30-1, and 30-5, 30-1, 30-3, and 30-5 make it change one by one with the state of ON etc. from IGBT 30-1 and the state of ON of 30- 
6, rotating magnetic field occur. Furthermore, the control circuit outside drawing performs PWM control so that the output current from 
the output terminal 46-1 to 46-3 of this bridge circuit may be approximated to sinusoidal type. 

[0014] By the way, the current detection resistance 45 shown in drawin g 7 detects the voltage drop of this current by the gate control 
drive IC 42 at the time of overcurrents, such as a load short circuit, and it is intercepting IGBT 30-4 to 30-6 of a lower arm, and it is 
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prepared in order to protect all IGBT(s) from an overcurrent. „ , 

[0015] An output is a short circuit (three of output terminal 46-1-3 connect too hastily) in the state of ON of IGBT 30-1 of now, for 
example, an upper arm, and IGBT 30-5 of 30-3 and a lower arm. The case where it carries out is considered. In addition, IGBT of these 
two upper arms and one lower arm calls mode 1 the short circuit mode in an ON state for convenience. 

[0016] Since the inductance of motor winding of a load is lost by the short circuit and it becomes only the suspension inductance of 
wiring, the voltage which should be impressed to motor winding is impressed to IGBT, and current increases rapidly. 

• [0017] However, although two IGBTfe) turn on the upper arm side in this case, since only one IGBT turns on the lower arm, it is the 

I voltage VD of a power supply 44. Most is impressed to IGBT 30-5 of a lower arm. 

j [0018] Drawing 9 is the l-V property view of IGBT for explaining this, and, in a vertical axis, collector-current IC of IGBT and a 

I horizontal axis show the collector-emitter voltage VCE of IGBT. Here, since it is easy, three above IGBT(s) 30-1, 30-3, and 30-5 have 

i the completely same l-V property shown in drawing 9 , and the case where IGBT 30-1 and 30-3 share current equally is considered. 

[0019] The current at the time of a short circuit is the value Ip determined with the l-V property of IGBT according to the gate voltage 
! at the time of a short circuit. Although it flows, at this example, it is this current Ip to IGBT 30-5 of a lower arm. It flows. 
I [0020] However, at an upper arm, it is this current I p. In order for two IGBTfe) 30-1 and 30-3 to share, IGBT 30-1 and the operating 
point of 30-3 turn into A points, and IGBT 30-1 and the voltage impressed to 30-3 become VCE1 and a low value. 
[0021] On the other hand, for the operating point of IGBT 30-5, the voltage of IGBT 30-5 is supply voltage VD. Since it becomes the 
value VCE2 which deducted the shell VCE1, it becomes the operating point B and almost all voltage is impressed to IGBT 30-5. (The 
voltage impressed to a suspension inductance is disregarded.) Therefore, if it intercepts for protection of IGBT 30-5, it will change, 
maintaining high applied voltage from the operating point B to the operating point C with the fall of the gate voltage. 
! [0022] Moreover, collector-current IC Since it is current depending on the gate voltage, according to the fall of a gate voltage, it begins 
to fall immediately. Therefore, in order to intercept a very big short-circuit current and to prevent generating of the surge voltage 
resulting from big di/flt, a soft interception circuit like drawing 5 operates effectively. 

[0023] Next, the case where an output short circuit occurs similarly in the state of ON of IGBT 30-1 of an upper arm, IGBT 30-5 of a 
lower arm, and 30-6 is considered. In addition, IGBT of this one upper arm and two lower arms calls mode 2 the short circuit mode in 
an ON state for convenience. In this case, it is the voltage VD of a power supply 44 conversely. Most is impressed to the upper arm 
j IGBT 30-1, and the lower arm IGBT 30-5 and 30-6 are operating by the operating point A of drawing 9 . 

[0024] here — simplistic — when intercepting IGBT 30-5 and 30-6 by work of the protection network by detection of the overcurrent 
by which it is accompanied, in order that IGBT 30-5 and the operating point of 30-6 may change from A to C, elevation of the big 
applied voltage VCE between collector emitters is between changes 

[0025] IGBT 30-5 in this mode 2 and interception operation of 30-6 are the influences to which charge of the feedback capacity 
between the gate collectors corresponding to change of this collector to emitter voltage VCE is performed in the drawing process of 
the gate charge for interception, and OFF properties differ greatly compared with the mode 1. 

[0026] Drawing 6 is the voltage VGE between gate emitters (it is also only called the gate voltage), the collector to emitter voltage 
VCE, and collector-current IC of IGBT in the case of drawing out the gate charge of IGBT of the lower arm which makes the 
inductance of a motor etc. a load in the state of the mode 2 by the constant current, and carrying out the turn-off of this IGBT. The 
example of time transition is shown. 

[0027] If the turn-off of such IGBT is performed, as shown in drawing 6 , the gate voltage VGE of IGBT will reach near a gate threshold 
(it is level somewhat higher than a gate threshold strictly) through the area A which descends by a certain inclination first, will once 
pass the area B as a period whose gate-voltage change decreases here, and will follow progress that a gate voltage decreases in C 
field again after that. 

[0028] Here, the area B whose gate^voltage change decreases is the period when the collector potential of IGBT30 rises, and is a 
period when the displacement current accompanying collector potential elevation flows to the gate through the capacity between the 
collector gates of IGBT30 and which has occurred by the so-called Miller effect. Actual collector-current IC of IGBT30 Reduction is 
generated in C field which begins from the time of this area B being completed. 

[0029] (In addition, the OFF property at the time of carrying out the turn-off of the IGBT of a lower arm in the mode 1 serves as a 
wave to which the area B in drawing 6 is lost, and area A and C field are connected, and collector-current IC starts reduction from 
area A.) 

By the way, in order that an overcurrent state until the period of the area B whose gate-voltage change once decreases shown in 
drawing 6 becomes very long and IGBT30 turns off might continue for a long time in the aforementioned mode 2 since current drawing 
capacity of MOSFET20 in drawing 5 is lessened if the drive circuit of drawing 5 performs soft interception of a lower arm of IGBT30, 
there was un-arranging [ of IGBT 30-1 of an upper arm breaking ]. 

[0030] Furthermore, since time until it actually intercepts becomes long when an output short circuit arises just before an OFF signal is 
inputted into the on-off-signal input terminal 12, If this time exceeds the dead time prepared so that IGBT (30 to 5 receive 30-2, 30 to 
6 receive 30-3) of the upper arm which counters IGBT of the lower arm for a turn-off might not turn on simultaneously IGBT of a 
vertical arm would be in the ON state simultaneously, the so-called arm short circuit which short-circuits a power supply occurred, and 
there was a possibility of also destroying IGBT of further others. 

[0031] The purpose of this invention is the start point in time (it is got blocked) of the interception to the case of the interception 

conditions in the mode 1, in case soft interception of the overcurrent of IGBT is carried out. In being the interception conditions in the 
j mode 2 in which the area B of drawing 6 whose change of the gate voltage VGE of IGBT is the area A of drawing 6 and decreases 
j exists It is collector-current IC in C field which follows area B while shortening the period of this area B as much as possible and 

shortening duration of an overcurrent state. It is in offering the drive circuit which is decreased gently and can suppress generating of 

the surge voltage by Ldi/fit. 

[0032] 

\ [Means for Solving the Problem] In order to solve the aforementioned technical problem, the drive circuit of a claim 1 A means of the 
solid-state-switching elements for a drive (IGBT30 etc.) to supply current to the control terminals (gate etc.) at least at the time of a 
turn-on (MOSFET1 etc.), The normal interception means which draws out current from this control terminal at the time of normal 
interception of this solid-state-switching element, The aforementioned control terminal is minded at the time of abnormalities, such as 
an overcurrent of the aforementioned half dynamic body switching element, this half-dynamic body switching element It is a drive 
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circuit witr^a softifiterceptfon means to intercept so that the downward inclination of the principal current may become loose, the 
aforementioned soft interception means The control terminal of the aforementioned solid-state-switching element, The 1st voltage 
drive type transistor to which main circuits (drain source circuit etc.) were connected among the main terminals (emitter etc.) which 
become the reference potential side of the control signal of this solid-state-switching element and [whose drive capacity is 
comparatively high (an on resistance is a low)] (MOSFET2 etc.), It has ****** meanses (a constant current source 9, MOSFET10, etc.) 
to charge the gate of the 1st voltage drive type transistor so that the elevation inclination of the voltage of this gate may become 
i loose. 

[0033] Moreover, in a drive circuit according to claim 1, the 1st voltage drive type transistor serves as current drawing operation of the 
i aforementioned normal interception means, and is made to perform the drive circuit of a claim 2. 

\ [0034] Moreover, the drive circuit of a claim 3 is equipped with boosting-charge meanses (MOSFETs 8 and 15 etc.) by which the 
aforementioned soft interception means charges the gate of the 1st voltage drive type transistor quickly until the voltage of this gate 
reaches a threshold, in a drive circuit according to claim 1 or 2. 
i [0035] Moreover, the drive circuit of a claim 4 is set in a drive circuit according to claim 3. The aforementioned boosting-charge means 

has the same gate threshold as the 1st voltage drive type transistor. The 2nd voltage drive type transistor by which the gate and the 
! source (or emitter) were connected in common with the 1st voltage drive type transistor (MOSFET4 etc.), It has meanses (MOSFETs 
5, 6, and 14, constant current source 7, etc.) to detect that current began to flow to the main circuit of the 2nd voltage drive type 
transistor, and to stop the aforementioned boosting charge. 

[0036] Moreover, the drive circuit of a claim 5 connects a capacitor (21) between the gate of the 1st voltage drive type transistor, and 
a drain (or collector) in a drive circuit according to claim 1 to 4. 

[0037] Moreover, the drive circuit of a claim 6 is equipped with meanses (MOSFET22 etc.) by which the aforementioned soft 
interception means connects the aforementioned capacitor only at the time of the operation of the aforementioned ****** means, in a 
drive circuit according to claim 5. 

[0038] Moreover, the drive circuit of a claim 7 is equipped with meanses (the gate potential detector 17, pulley driver 3, etc.) by which 
the aforementioned soft interception means lowers the potential of this control terminal promptly after the potential of the control 
terminal of the aforementioned solid-state-switching element reaches the predetermined potential below a threshold, in a drive circuit 
according to claim 1 to 6. 

[0039] Moreover, it is made for the 1st voltage drive type transistor of the drive circuit of a claim 8 to be MOSFET in a drive circuit 
according to claim 1 to 7. 

[0040] An operation of this invention is as the following. The gate of MOSFET with comparatively high (that is, an on resistance is 
small) drive capacity connected between the gate emitters of IGBT for a drive In being the interception conditions which do not have 
the Miller effect of IGBT in the mode 1 by charging gently by the low current at the time of the overcurrent by the load short circuit of 
IGBT etc. When it is the interception conditions which reduce the gate potential for [ IGBT ] a drive gently immediately after 
overcurrent detection, and have the Miller effect of IGBT in the mode 2 T by turning on high MOSFET of drive capacity after overcurrent 
detection While reducing the gate potential of IGBT, therefore a collector current gently and suppressing generating of the spike 
voltage by excessive di/tit, lessening delay of the collector-current downward start by the Miller effect of IGBT, interrupting time 
prevents a bird clapper excessively. 
[0041] 

[Embodiments of the Invention] Drawing 1 is the circuit diagram showing the composition of the important section as the 1st example 
of this invention. (Example 1) P-channel-MOS FET1 which the gate of IGBT30 connected to the OUT terminal is charged [ FET ], and 
makes IGBT30 turn on like drawing 5 also in this drawing, N channel MOSFET2 which the gate of IGBT30 is discharged [ MOSFET ] 
and makes IGBT30 turn off is controlled by the pulley driver 3, and performs the same gate drive as drawing 5 in the case of usual 
switching of IGBT30. 

[0042] A different point from drawing 5 of drawing 1 is a point which charges the gate of MOSFET2 usually for interception where drive 
capacity is large by few current not using N channel MOSFET20 with little drive capacity for intercepting IGBT30 gently at the time of 
abnormalities, such as an overcurrent, and drew out the gate charge of IGBT30 gently. 

[0043] The case where it is the mode 1 with which the output short circuit generated first operation of the soft interception at the 
time of abnormalities below in the state of ON of the upper arm IGBT 30-1, and 30-3 and the lower arm 30-5 in drawin g 7 is explained. 
In this case, IGBT30 set as the object of soft interception in drawin g 1 serves as the lower arm IGBT 30-5. 

[0044] In short circuit generating in this state, as stated previously, in IGBT30 for interception, it is already the total supply voltage VD 
mostly. It is the collector-current IC immediately as it is added and the gate voltage VGE of IGBT30 falls. In order to decrease, it is 
important to make late fall speed of the gate voltage of the area A in drawing 6 . 

[0045] When L signal which shows "those with abnormalities" is impressed to the unusual signal input terminal 11 in the state where 
the ON signal is contained in the on-off input terminal 12 of the pulley driver 3 in drawin g 1 , although the pulley driver 3 sends out the 
signal which intercepts P-channel-MOS FET1 and the charging circuit of the gate of IGBT30 is closed, the signal for usually turning on 
N channel MOSFET2 unlike the interception at the time does not have the delivery. 

[0046] L signal is impressed to the unusual signal input terminal 11, and the current which charges the gate for turning on N channel 
MOSFET2 is supplied by the low constant current source 9 of an output current value when P-channel-MOS FET10 turns on. 
[0047] For this reason, elevation of the gate voltage of N channel MOSFET2 will become loose. Furthermore, although the gate voltage 
of IGBT30, i.e., the drain voltage of MOSFET2, falls according to the fall of the on resistance of MOSFET2 accompanying elevation of 
the gate voltage of MOSFET2 Since many of current which charges the gate of MOSFET2 for the Miller effect by this drain sag is used 
to charge the capacity between gate drains of MOSFET2 shown in drawin g 1 as a feedback capacity 13, the climbing speed of the gate 
voltage of MOSFET2 becomes still slower. Therefore, the fall speed of the gate voltage of IGBT30 serves as a low value very much. 
[0048] However, as stated previously, since IGBT30 is intercepted with the high collector-emitter voltage VCE maintained, there is no 
Miller effect to IGBT30 (getting it blocked and there being no area B of drawing 6 ), and IGBT30 does not have a time lag, and it is 
collector-current IC. Reduction is intercepted gently. 

[0049] Next, soft interception in the mode 2 which the output short circuit generated in the state of ON of the upper arm IGBT 30-1 of 
drawing 7 , the lower arm IGBT 30-5, and 30-6 is explained. In this case, IGBT30 set as the object of soft interception in drawin g 1 is 
set to 30-5 of a lower arm, and 30-6. 
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[0050] In respect of the fall of the gate voltage of IGBT30, it is completely the same as that of the case in the mode \ until the.area A, , 
in drawing 6 finishes also in this case. However, they are the lower arm IGBT 30-5 and collector-current IC of 30-6 in this case. It is 
not decided by the gate voltage, but is collector-current IC of the upper arm IGBT 30-1. IGBT 30-5 and 30-6 share. 
[0051] Therefore, IGBT 30-5 and collector-current IC which flows to 30-€ As shown in drawing 6 , it does not fall in area A. moreover, 
as for IGBT 30-5 and 30-6, the voltage VCE between ETSUMITA collectors rises according to the fall of a gate voltage (it changes 
from the operating point A in drawing 9 to C) a sake — a Miller effect — generating — IGBT30 — the area B in drawing 6 to which a 
gate voltage will not fall even if it draws out a charge from the gate exists 

[0052] However, if IGBT 30-5 and the gate voltage of 30-6, i.e., the drain voltage of MOSFET2 of drawing 1 , will not fall, the Miller 
effect to MOSFET2 is lost, it will be used for the current which charges the gate of MOSFET2 mainly charging the capacity between 
the gate sources, and the gate voltage of MOSFET2 will go up comparatively quickly. 

[0053] MOSFET2 has high drive capacity from the first (an on resistance is a low). Since it is an element and will become a low on 
resistance if a gate voltage goes up, it becomes possible to discharge comparatively quickly IGBT 30-5 and the gate charge of 30-6, 
and there is no area B of drawing 6 with a bird clapper extremely long like the conventional example. 

[0054] In this mode 2, it is collector-current IC of IGBT. After going into C field of drawing 6 , it actually descends, and it is Current IC. 
Since it is low as compared with the mode 1 explained above, the on resistance of MOSFET2 when starting descent is Current IC. The 
descending inclination becomes larger than the case in the mode 1. However, if it usually compares with the case of interception, since 
it will not have fallen enough yet, the on resistance of MOSFET2 can be gently intercepted, if it usually compares with interception. 
[0055] Moreover, in this mode 2, they are IGBT 30-5 and collector-current IC of 30-6. Since it is low as compared with the mode 1 
explained above, it is Current IC. Even if it intercepts with comparatively big downward inclination, there is little generating of surge 
i voltage and an element is not destroyed. 

[0056] By the way, possibility that time if the gate of MOSFET2 is charged with low current as mentioned above, after the gate 
potential of MOSFET2 reaches a gate threshold, time until MOSFET2 begins to turn on becomes long and IGBT30 is in an overcurrent 
state until it actually carries out the interception start of IGBT30 will become long, and protection of IGBT30 will become difficult 
arises. 

[0057] In drawing 1 , this is prevented by the method described below. That is, in drawing 1 , in the state where the ON signal is 
i contained in the on-off input terminal 12 of the pulley driver 3, if L signal (active) is impressed to the unusual signal input terminal 11, 
j N channel MOSFETs 14 and 15 turn on by NOT circuit 16. MOSFET4 is MOSFET with the same gate threshold as MOSFET2, while the 
1 gate potential of MOSFET2 does not reach to the gate threshold, current does not flow to MOSFET4, either, and current does not flow 

to MOSFETs 5 and 6 which constitute current Miller circuit, either. 

[0058] Therefore, since the gate of P-channel-MOS FET8 serves as GND potential by the constant current source 7 and MOSFET8 
turns on, the gate of MOSFET2 is quickly charged through MOSFETs 8 and 15. If the gate potential of MOSFET2 reaches a threshold, 
current will flow through MOSFETs 5 and 14 also to MOSFET4, and current will flow also to MOSFET6 by current Miller circuit. 
[0059] And if this current exceeds the current value of a constant current source 7, the gate potential of MOSFET8 rises and 
MOSFET8 turns off. For this reason, the charging current of MOSFET2 falls only to the current supplied from a current source 9. 
[0060] It becomes possible to make the inclination of reduction of IGBT current loose, shortening a time delay until IGBT current 
begins to descend by the turn-on of MOSFET2 from immediately after unusual overcurrent generating of IGBT30, since it charges 
quickly, and the gate of MOSFET2 is gently charged by the above operation after reaching a gate threshold, until the potential reaches 
a gate threshold. 

[0061] In addition, MOSFET15 is a switch for preventing that the gate of MOSFET2 is charged by MOSFET8 at the time of the usual 
operation of MOSFET2, and MOSFET14 operates as a switch for preventing that current flows to current Miller circuit at the time of 
the usual operation of MOSFET2. 

[0062] Moreover, in drawing 1 , the gate potential detector 17 detects that the gate voltage of IGBT30 turned into predetermined 
voltage below a threshold (voltage which fell by predetermined margin voltage from the threshold in practice), sends out a signal to the 
pulley driver 3, and has the role which makes the gate of MOSFET2 charge by the same gate charging current as the time of the usual 
switching. The time or later of a possibility that steep di/flt may occur by this disappearing continues loose interception of the current 
of IGBT30, and the switching time prevents a bird clapper for a long time in vain. 

[0063] In addition, the means to which you may be the combination etc. and the turn-on of IGBT30 is carried out even if MOSFET1 is 
P-channel-MOS FET in drawing 1 and it is the source follower of N channel MOSFET, as shown in this view is a book no matter it may 
be what thing. 

[0064] Moreover, although it does not have MOSFET20 for soft interception in this example unlike the conventional drive circuit of 
drawin g 5 , like drawin g 5 , MOSFET2 may form new MOSFET20 for soft interception independently, and may perform the same 

' constant-current drive as this example to this MOSFET. 

[0065] However, MOSFET20 newly prepared in this case needs to have drive capacity larger than the case of drawin g 5 , and it is 

• efficient to usually share with MOSFET for soft interception MOSFET2 for a drive which has drive capacity of enough like drawin g 1 . 
[0066] (Example 2) Drawing 2 is the circuit diagram showing the composition of the important section as the 2nd example of this 
invention. The different main points from drawin g 1 of this drawing are the point that the capacitor 21 is connected between the gate 

' drains of N channel MOSFET2, and a point without the circuit which charges the gate of MOSFET2 quickly in the field which does not 
reach the gate threshold of MOSFET2. 

[0067] At this example, it is the feedback capacity (not shown [ in drawing 2 ] by 13 of drawing 1 ) of MOSFET2. The capacitor is 
inserted in parallel, a Miller effect shows up more strongly in MOSFET2, and the ratio of the feedback capacity to the capacity between 
the gate sources of MOSFET2 increases. 

[0068] Therefore, keeping loose the lowering speed of the drain voltage (therefore, gate voltage of IGBT30) of MOSFET2 by enlarging 
current value of a constant current source 9 As time to charge only the capacity between the gate sources of MOSFET2 Even if it 
becomes possible to shorten time until the gate potential of MOSFET2 reaches a threshold and there is no circuit which charges the 
gate of MOSFET2 like drawing 1 quickly, it becomes possible to start interception of IGBT30 in comparatively short time. 
[0069] Of course, it is also possible to shorten time until it adds the circuit which charges the gate of MOSFET2 quickly to drawin g 2 
and the gate potential of MOSFET2 reaches a threshold further. 

[0070] (Example 3) A point which drawing 3 is the circuit diagram showing the composition of the important section as the 3rd example 
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of this invention, ari'd is different from drawing 2 of this drawing N channel MOSFET22 as a switch is connected to the capacitor 21 
with a larger capacity than drawing 2 . Only when the unusual signal input terminal 1 1 is set to L (active), it is capacitor 2 1 . The point 
connected between the gate drains of MOSFET2 and the gate of MOSFET2 are not charged by the constant current source of 
exclusive use. It is the point charged by the signal for usual switching of the pulley driver 3 with larger current-supply-source capacity 
than the constant current source 9 of drawing 2 . 

[0071] That is, since the unusual signal input terminal 11 is usually equivalent to the state of H (non, active) where the capacitor 21 is 
not sometimes connected for MOSFET22 by the OFF state, MOSFET2 turns on at the rate of usual. 

[0072] On the other hand, when the unusual signal of L is impressed to the unusual signal input terminal 1 1 Since a capacitor 21 is 
connected between the gate drains of MOSFET2 and the Miller effect of MOSFET2 becomes large with this capacity, when MOSFET22 
turns on, Although the lowering speed of the drain voltage of MOSFET2, i.e., the gate voltage of IGBT30, becomes loose Since the 
current-supply-source capacity of a part with a large capacity of a capacitor 21 and the pulley driver 3 is large in comparison with 
drawing 2 , the gate voltage of MOSFET2 can make equivalent the lowering speed of time to reach a threshold or the gate voltage of 
IGBT30. 

[0073] (Example 4) Drawing 4 is the circuit diagram showing the composition of the important section as the 4th example of this 
invention, and a different point from drawing 3 of this drawing is a point that diode 24 is connected with a capacitor 21 between 
MOSFETs22, and MOSFET25 is connected between the node of diode 24 and a capacitor 21, and Gland GND. 

[0074] That is, in drawing 3 , at the time of the turn-off of MOSFET2, it will be in the state where the capacitor 21 is always connected 
between the gate drains of MOSFET2, and the turn-off of MOSFET2 will become late with the parasitism diode 23 of MOSFET22. 
[0075] The diode 24 of drawing 4 was inserted in order to prevent the delay of this turn-off, and it intercepts the current which flows 
from the drain of MOSFET2 to the gate. Moreover, MOSFET25 is a circuit for discharging the charge of a capacitor 21 in the state 
where there is no unusual signal (L) in the unusual signal input terminal 11. 
[0076] 

[Effect of the Invention] According to this invention (claim 1), at the time of abnormalities, such as an overcurrent of the solid-state- 
switching element for a drive (for example, referred to as IGBT) The gate of this MOSFET is charged so that the elevation inclination of 
the gate voltage of an armature ^voltage control type transistor (for example, referred to as MOSFET) with comparatively large (an on 
resistance is small) drive capacity established between the gate of this IGBT and the collector may become loose. Furthermore, if 
needed, make it charge quickly until a gate voltage reaches a threshold, or the gate of Above MOSFET (Claims 3 and 4), To the charge 
power supply of the gate of MOSFET, moreover, with large current-supply-source capacity to usually share the power supply at the 
time of interception After it connects a capacitor between this gate and a drain or the potential of (claims 5 and 6) and the gate of 
Above IGBT reaches the predetermined potential below a threshold Since it was made to lower the potential of this gate promptly 
(claim 7), while starting interception promptly and shortening the duration of an overcurrent after overcurrent detection of IGBT Make 
the lowering speed of IGBT current loose and generating of the surge voltage by steep di/flt is suppressed. And, being able to finish 
interception promptly from the time of the gate voltage of IGBT descending to below a threshold, and fear of surge generating 
disappearing, and preventing surge voltage destruction of the solid-state-switching element for a drive as a result The current of a 
so lid -state -switching element can be intercepted by the shortest possible overcurrent persistence time. 
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* NOTICES * 



Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3.ln the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] The circuit diagram showing the composition of the important section as the 1st example of this invention 
[Drawing 2] The circuit diagram showing the composition of the important section as the 2nd example of this invention 
[Drawing 3] The circuit diagram showing the composition of the important section as the 3rd example of this invention 
[Drawing 4] The circuit diagram showing the composition of the important section as the 4th example of this invention 
[Drawing 5] Drawing showing the example of the soft interception circuit in the conventional drive circuit 
[Drawing 6] Explanatory drawing of the turn-off property of IGBT 

[Drawing 7] Drawing showing the example of main circuit composition of inverter equipment using IGBT as a solid-state-switching 
element 

[Drawing 8] Explanatory drawing of the current-potential wave at the time of the output short circuit of IGBT 

[Drawing 9] Explanatory drawing of the operating point of IGBT at the time of the output short circuit of inverter equipment 

[Description of Notations] 

1 P-Channel-MOS FET 

2 N Channel MOSFET 

3 Pulley Driver 

4 N Channel MOSFET 

5 Six P-xhannel-MOS FET 

7 Constant Current Source 

8 P-Channel-MOS FET 

9 Constant Current Source 

10 P-Channel-MOS FET 

11 Unusual Signal Input Terminal 

12 On-off-Signal Input Terminal 

13 Feedback Capacity 

14 15 N channel MOSFET 

16 NOT Circuit 

17 Gate Potential Detector 

21 Capacitor 

22 N Channel MOSFET 

23 Parasitism Diode 

24 Diode 

25 N Channel MOSFET 
30 IGBT 
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[Drawing 2] 



Vcc 




CM 7tr 7fr 



[Drawing 3] 



120- 



no- 



16^ 



[ Drawing 5 ] 



1 



Voc 




httpy>Www4.ipdl.jpo.go jp/cgi-bin/tran_web_cgi_ejje 



2003/09/22 



/. 



[Drawing 4] 



123- 



110- 



[Drawing 6] 



-Vcc 



22 



24 21 CUT 

fir 

-3 



w rh~ rhr rtr 



. bibs cm 



2/3 ^-v 




[Drawing 7] 
p 



Vo 
44 



IS 

$>JI 

mc 



41-1 



I GET 
3Q 

30-1 



IS 



— I 



30 

PC 



IE 

Ml 

»c 



30-2 



BO 



9)C 



^1 



30-3 



40-5 



30-6* 

r 1 



40*3 

46-1 43 



5* 
40-6 



N 45 




http://Www4.ipdl.jpo.go jp/fcgi-bin/tran_web_cgi_ejje 2003/09/22 



3/3 ^-v 



: ic 




[Translation done.] 



http:/Aww4jpdljpo.gojp/cgiHDin/tranjyeb^gi_ejje 2003/09/22 



i HIS PAGE BLANK (uspto) 



(19)B*B#ffrf (JP) (12) ^ ^ ^ |^ ^ ^ (A) (lDttttaiM&H** 

#^2000-295838 
(P2000 -295838A) 
(43) 'AM B ¥^12^10^ 20 B (2000. 10. 20) 



(51)Inta. 7 






F I 


f-?a-F*(##) 


HO 2 M 


1/08 




HO 2M 


1/08 Y 5 H 7 4 0 




1/00 






1/00 F 










*Bt:£ m^M<ofkS OL (£ 9 H) 


<2i>a*## 




fJHipl 1-99688 


(71) USA 


000005234 












(22)ffl«B 




¥ffcll*p4£7B(1999.4.7) 












(72)3gi5Mf 


mm 






























my- mm 










w&Hmiutffijm&mmim 1 m 1 # 


















(74)«SA 


100088339 










#3± iE» 













(54) K!WO=fe#] K^f^BBS 



(57) mm 

mm} «A£8tBB&*£*ij*-r* igbt3o smo 

SFETl, 2£^L^t>, ^WfttSHS-fy 
[hJ&T, I GBT<nmnM&f\Z I GBT*ilj»/i<l.t3 

K> . h*5-f:/tg*©*#<^ (^->ffi$i©/jN$l/i) MOS 
F E T 2 ©y- h tt/h£ HJg«ftt2I 9 C«fc 0 3t^£n. 
C®y-h«£E©±#4affi (ffioTIGBTy-htff 
tau^^«at©T»4DS) fctaK»a»£fc0. di/d 
t tCfcSD— ^mEEtt^^ii-r, L^foMOS FET2 
©*>«£**#*£ l^fc«t> I GBTS«t©TP$IH§#i©iI*l 
fc4>&(^. &&MOS FET4©y- bL^MIliMO 
SFET2i§K, MOSFET4, 5, 6, 8, 1 
4 , 15 i^SSftiH 7 K± 0 . MO S F E T 2 <Df— h 
«JE^L#Vitt^S-r-2>*T-ttF ET 2 ©y- h£,%ji 
*1LT. MOS FET2©:*>M#i©iIft£E&<\ 



voc 




THIS PAGE BLANK (uspto) 



* 



«»«l : f*»6*«*3l**<jEKr«»f^a. mfE¥iMfc 
©T»4DEjWK*»*> Kfc S «fc 5 1' jftNff tl. V7h jfflSf ^ 

a * m-o k 7 -r -ymu-c & ^ t, 

Miey 7 Htrta^^x-f 7f>yff© 

1 ©SJEiKKjM h 9 y-yx ? <h, 
» 1 ®«EI1S h 7>^i'Oy- . £©y-h 

[»*JH2] »*JHlKE«©I«5-f^lHllSfc*^T. 
21 1 h 5 y -yx*#. MEIEfiHfiW^Si© 

««E§ltfc*»ff***aff 5J:5KU*:Jlt*»*i-r* 

[»*JH3] W*JHlSfctt2»cE«OK7'f^iattfc 
*3^T. WEV7M»W 1 ©«J£gg»lJ b ^ 

y-yx^©y-h£, ci©y— hwmjE**L^^ffica 

£ 2 ©SffifgSji! h 5 > 5?**©±E»£*HEa»8tna& 
5 ] tt&H 1 &1>L4 ©^-rn^KEfc© h* 7 

sjE^-v/t -y * <omm.*n o¥&&m^tzz.t z&m. t 
c»*js 7 ] i fr^L 6 ©^-rn^^E*© K 7 

X-f >y?>y^©fel^l^©«fi:^L#l,ifit«T©Bl? 

[s9*JH 8] I9*JH 1&1»L7 ©^rft^CEto h* ^ 
OS FET-e*Sili:<£#®i-ra H^-f y@SS. 

[^^©i¥aa^ti»^3 



<t#M2 000-295838 

[0 0 0 1] 

#X-f «y^>y^©h*7-f yiHlSS (#|.«W>60t>/ 
^yfi^^ATJtLT. ¥^X-f ^7 c >y^©ftfJ® 

JB^ fc Ira A a * y/* x igftffl ©fl^f * mtfz L EPiP 

A^&d i /d t \zm^S<-V— i?W£iZJk.Z>*t : ¥-<DW& 
tli. fc*, WT#0^*3V>TI^-©«F^«l^- ; bL< 
[0 0 0 2] 

U 8i*t«0^t#7-f -yf >y*f tLT I GBT 
3 0 H 7-f7tS®'&SSLTU2. 0 ^JTtelGB 
T3 0 Sr^">c?-&-S#a«t LTPft^MOS F E T 
l£fflt^« t7tSmiTNfY^MOSFET 
2 4ffflLT^5. 

[0 0 0 3] fflS©X-f y^>ifm\Z^X, 7U h*7 
-f/N*3ttst->^-y{I^A7a«^l 2f'^->«^A773 
nfcJS-&ICtt. MOSFETl^t>t5Mi> MO 
S F E T 2 7f Sfl^S^nOF E T 1 , 2© 
f— h\zmm-TZ>Z.£\Z&K). IGBT30Oy-h^ 
5ttLT I GBT 3 0 tty$%>» 

[0 0 0 4] XfzmiZ. *>*7flI^A**Tl2i:* 
y<B^*A^$tl/c«-&tC«MOS FET 1 £:*yr-5 
ft *t£MO S F ET 2 S^-^-SM^^-en^n© F E 
Tl, 2<Dtf—h\zmm-?2>Z\t\ZJ:D, I GBT 3 0 
oy-h^MLTI GBT3 0^7T5. 

[0005] -«si:-f >A*-^&ffflt*^Sii:ffl 

[0006] c©«^-, a*«ioa'5«flKio^c#&« 

-f >^^^>XLlC«fcOL d i/d t©-y— -y^JE*^ 
£U X-f y^>y*^©Wffi^@x.T*^fi6«$tl 

[0007] @8lift#7-f ^^yy^Tab-s 1 g 
BT©ft^fifl^M^, igbts^>, ^ry^arzii 

#©. I GBT©n y^^mcft I c • 

^ mm v a t ommmm& com & ^-r . 

[0 0 0 8] iP^, I GBT©ftffiffiiJ£M*Stt!il;:LT 
^fjS t 1 IdiS^T I GBTW>^5i, IG 
BTOHl/i'^fl I c tt«iSi»C±#-r-5. I GBT© 

BTW—bnK.T'&s.znffi.mizm-rzii. — ^©m 



II 



I HIS PAGE BLANK (usptoj 



i:©ISi:ct5. ) L^bJte^S, ZL(Du[str?nffil 

c «it> s i o«a±c»r*& 

^^T'fiigOfeft, P#,6t 2K*3^T I GBTSI 
#<D*SCTaEWr-St*#^!Bt^^d i/d tK£9> 
I GBTOni/^ • x5y^wt£EV tt i:liHO*i 

[0 0 0 9] £tt£KltT££:#>, 7,-fy^>{fm^0) 
F5-f AEIISKltt, a«»a:d:a)»*RpfcX-f 

[0 0 10] 0 5CO0iJT«0^LTV^Viiim8i£^»I@ 

pfv^MosFET i *:*:7-rs«j|£3Stti-r 

[0 0 11] :(ONft*MOSFET2 0«Nft 
*;PMOSFET2ctO««5l*t(t*ffiA^e^ (oi 

^ytfft&Q^m^friz i gbt3 ooy-M:iis 

ftfc«W*3ISft<. Z.(Dtz*b. I GBT3 OttfMrfc 
^->xf:7U d i/d td^€r<&S<D*Kjfrs. 

[0 0 12] 

[«W*«»»tbJ:3i-r*«H] H7tt±fE<&ck3fcF 
5-f ^EttTB»*ft-6 I GBTSt&-»»a'f >A # 

— ^S«©^0B©«9*SlxT^S. £<0-f >/t— ^0 

fi^)IGBT3 0 (30-1-30-6) Rff7U-* 
*f ;i/^-f xf-F (FWDtB&fB) 4 0 (4 0- 1-4 0 
-6) 3m<D±T — & I GBT 3 0 - 1 — 3 0 - 3 

©y- hs*ti^n«wtts i c 4 1 (41-1- 

41-3) 3fi0T7-A IGBT3 0 — 4 — 30 

- 6 coy- h Zffl'mmW)?* IC42&i:l:ct0ilSS 

[0013] #y-mfflI»IC4 1, 4 2ttHxt© 

mnaift£ £ 0 ^-^ 4 3 ©#«^siEa*^«*-r-5 

cfcSK, 6iO I GBT^ >/*72l±Z> 0 
GBT30-l(h30 -6^>(O^I^e>3 0 - 1 , 
3 0- 5, 3 0- 6^*>©m 3 0- 1, 3 0-5 
^xf><Z»Kffi, 3 0 - 1, 3 0- 3, 3 0 - 5^xj->O 
ttlBS: ft - tic 0 0<E«»}^«*-r 

£*>k:, Hx^<OttWlHiKtt % dcoyj vEBSoHi 
4 6-1-46 - 3*>e><Dffl;&««E**Effi&«K: 
ifi«*tl<&±3»CPWM«»*fr5. 
[0 0 14] 0 7K^SSft&HiJg6t4 5 



4$|1I2 000-295838 

HSUffllBftl C4 2^cfc0ttWlx. TT-ACOIGBT 
3 0-4-3 0-6Srjg»frSCtT% ^TOIGBT 

[0 0 15] ^fctxttf±T— A© I GBT 3 0- 1, 
3 0 — 3 <hT7-AO I GBT 3 0 -5^>©^lT* 
ffl*3W«[»( UJ*SB : P4 6- 1-30303&««IS) Lfc 
Jg^Sr#xt^)o ft*, CC0±T— A2ffl, T7-A11 
(0 1 GBT^^IBTWSIS^— K*«l[±, : E— F 
1 £Pf 

[0 0 16] SfS^cfcOftflro^E-^^O-f >^i7^ 
>x^^«S<&oTiB«<0»jg-r >'y22>K<Dfr\Zt&2> 

tz.*b. ^-pmmzwmznz^m&tei gbt\zw 

[0 0 17] lx*>lx&*iS;i©«^ ±7-A«tt2fl 
OIGBT^>lTW^ T7-AttlfiOIGB 
T©**^>lxTl^-5fc», «K4 4<0«ffiV D <7x5&if 
*T7-A© I GBT 3 0 - 5KEPJjn£*l£, 

[0 0 18] 0 9tt£n£R9IT*fc«><O I GBTtf) I 
-V*H4B-e. fflEttttl GBT<Dn I c , 1ft 

WiIGBT03l/^^.x^7x'iffV CB SSt, - 
^Tttffi^<Dfc«), ±IB(0 3fH<0 I GBT 3 0- 1, 3 
0-3, 3 0 - 5 9 l:Stt < 13-© I - V»tt* 

jre, igbt3o-i, 3 o - 3&t%m\zmm&ttm 

[0 0 19] JH*«rO*«J4jSIS«r(Oy--h«£Elc*i; 
fcl GBTOI -VWttfc<fcOftJtSn*«Ip tfiWLtl 
2>W. COWCttTT— AOI GBT 3 0~5C^©1 

8ft i p *tjsns. 

[0 0 2 0] L**L&J&*5±7— ATtt* £<D^8ftI p 
S2i(DIGBT30-l, 3 0-3T»fitSfc», 
IGBT3 0-1, 3 0-3OlMliA,S<i:3S:0, I 
GBT3 0- 1, 3 0 -3fcfflimS*l««JEH:V tt l i 

[0 0 2 1] -J, IGBT3 0- 5<O»MttIGB 
T 3 0 - 5 <Z>«BE#«ig«JBE-V D J^6V CE l£^L3l^ 
&iV 0 2tMft» l »ffj«B4:<tO, »£©ifiE3»< 
I GBT 3 0 - 5fCffIJJD^n^>o I #&<f>&9 *>7> 
»cBPlPSftS«ffittJfc«lxT^-5. )«oT. I GBT 
3 0- 5^I^Mt^(h, h«JE©« 
TtC#^ft^B^e,id^C^ ftfr>Hlftl*EE*JH9 

[0 0 2 2] 3U*iMt*I c tty-h«EKtt 

j6»r-r3fc», *^&d i/d t KjEH"r*U— 

mmzmfttZo 

[0 0 2 3] *(:±7-A(OIGBT3 0-l«i:T7- 
AOIGBT3 0- 5, 3 0 - 6 #*><OttffiTH«t:: 



THIS PAGE BLANK (uspto) 



(4) 



000-295838 



HI. T7-A2iOI GBT^^iTWltt- 

H*«fi±, t-K2W^ ioi^aii:. mm.4 

4 ©HJ£V D <7)?&i:7jt±7-A I G B T 3 0 - 1 KEPiJQ 
Sn, T7-AIGBT30-5, 3 0 - 6 te0 9 ©Sj 
ffr6ATlM£LTV>S. 

[0 0 2 4] CJl-ceiSCff5ja«StOttaiKJ:a«« 
HJ88<B«I^TI GBT3 0-5, 3 0 - 6 £jg»r-f** 
IGBT3 0-5. 3 0 - 6 ©SM^teA^ 5> C (C 

epinrnjE v CE © ±m*& Z> . 

[0 0 2 5] C©t-H2T©IGBT30-5, 30 

[0 0 2 6] E6(S. K 2 ©tfcffiT^— 9tS.E<D^ 
9 >X4Sffii1"l>T7-A© I GBT©y- h 
«»*fe««-e3l#ttt#. £© I GBT£^->t7t 
-S.«-&tC*3tt-5, I GBT©y-h • X5>y^W«EE 

[0 0 2 7] CCD&ofe. I GBT©^— >*y&ft 5 
mQ\ZmT&0\Z. IGBTOy-HEVttH 

ifi (*S(fK:tty-hL*V>«[J;0d>biS5^U^JW Kit 

TOBfcWSIIiiU -t©«StfC««Ty-h*£Eat 

[0 0 2 8] CCT, y- hmjE^'ft;#4>&<&-2>BM 
I G B T 3 0 ©3 1/^; i'lftjitlftl.ffl^T*, I 
GBT3 OWPl^^ • y-h^©^«^jlLTnU-^ 

5 7-x!lII;J;oT^4LT^5»riTfe2.. IGBT 
3 0©HI£©3 U^^SSit I c <DWP\ZZ\<DBm.t$.tim 

[0 0 2 9] (&i3. t-HlTTT-AOIGBTS 
^->^-7 L-fc«£©* ?!f#ttte0 6 fcistt* B««W« 

tC5T'fIfB©t-H2(C*5(,iT. 05©F5-fyiHl^ 
l:i0T7-AO I GBT3 h jt#r£fT? <*:. 

0 5lC*5tt-5MOSFET2 0 ©mat3l^&#H£*)£4> 
&< LTt^-S)©-?, 0 6(:§t- H.y— YnKMitCD'P 
6<&5B <Btt0*BM#<#tti::£ < 0 . I G B T 3 0 

-A© I G BT 3 0 - 1 ^®^-raf«£i*©^F^*^c. 

[0 0 3 0] $^1:, ^^fi^A^Sg^l 2C::*7 



**. 5'->t7M«!OT7-A© I GBT(-*f|S]-T-5± 
7"— A© IGBT (3 0-5fC*fL3 0 -2, 3 0-6 
ft*fl,3 0-3) *tmWfC*>b«c(f»J:5C»«tSnfc 
H^-f ASrSiSi, ±T7-AOIGBT!dW 
fC*>ttSI£&oT«ilg£Jgirr-5, (,vbt$>-5 7— AS 
*g#5)S£U £<=>(;:{&© I GBT&fci*t5^n*5 

[0 0 3 1] ^^©BWtel GBT©j®*M£7:7 h 
ttBf-raiB, H 1 ©^*fr©»&K:ttaHK©IIM& 
m&frz> (t3*0, @6©AS^f) . IGBT 
©y- h«JEV GE ©^k©^<f«c-50 6©B««*t# 
ffi-ra ; E-H2©jS»f*fr©«^»Ctt. C©B«^©M 

tcM^$i±TL di/dt K«J;*U— v«EE©fg££fll 
[0 0 3 2] 

[SIS*)»ftt5fc»Oft] «ME0Dlill£»ft-rsfc: 
a&K. »*3filOH9-f^lHl»tt. &»*t&©¥aS#X 
-fyf>y* : P (IGBT 3 0 At*) ©d>&<£fc*- 

>^->p#tc^©$ijs9^ (y-h&t*) K««Es#«&-r 

(MOSFETlfti*) . C©^^X-f •y5 1 > 
fr£0»*ISK:. S3I5©Jffll«^*^LTC:©¥»J^7.'f 

m^mm^t, d©¥^x-f ^^>y^©«ffli 
(jt«WK»iii**tKir» (*>»st*iteu) ] mi©* 

BElKKl^F^^X^ (MOSFET2Si') ii, il 

©«jEffi»^h7>vx^©y-h*, ^©y-h©m 

(^mMtzH9, MOSFETlO&f) <h £<S 5 
[0 0 3 3] *fc3»#JH2©K5-r:/l3l&tt, «*JS 1 

[0 0 3 4] Sfclf*Jl3©h-7'f ^iHli^tt. IS^JSl 
*fc«2JC|2«©K7-f ^0gS(c*3^T, hit 
^R*t. 3ll©mjI&K>S!h7>;xX*©y-h£, 
^©y- h©mffi^L^r^(Slca-r^ST-««i^(C3fe* 
t5t«Sf¥g (MOSFET8, 15&<i:)£<Ix 

[0 0 3 5] £fc»jjtJS4©h*7'f ^EH&te, tt*JS3 



' HIS PAGE BLANK 



(USPTO) 



(5) 



#B8 2 000-295838 



Sh5>yX^ (MOS FET4&.!:) <h. SS2©«JE 

mm^Tmw.<Dmm^m^f?±-r^m (mosfet 

5, 6, 14. fenffiM7tj.ii) 
[0 0 3 6] Sfc«f*^5©H5-f ^lilKtt. »#JK 1 

rJUi?*) tOWHc**/^* (2 1) &mw&~?z>&z) 
[0 0 3 7] £fcffl*JS6CDK7'1':/[iIS§«. «*^5 

^£fr3^g: (MOSFET2 2&f) ^ffi^S^-SfC 
[0 0 3 8] Sfc»*«7 0K7'f ^Ultttt. M&Kl 

anL6 ©^-rn^ctett© h 7-r ymgSK^T, 
bv 7 niwr#aa*. iwE¥*#x-f y^>ifxmm 
mm* amm* b€r w*«T©w»tttic» Lfc©^ . 

[0 0 3 9] *fc»3jcJH8©K7-f :f|Hli&tt. W#JJU 

1 OlEaiSh7>yX^*5MOSFETT*5i5 

[0 0 4 0] #«fH©ftgm*&T©*l<7?**. K?-f 
:/**#© I GBT©y-h • XS^flflKg^Lfc, Jt 
t£WK5'f:7lg?j©SS(,> (OiO*>aRC9/h^W M 
OSFET©y-h£. I GBTCDftffii&IS&^KlJ:* 

ja«sft^F^*^Ttt«nMtTa^t^s-r-5 c: tic j; 

©*§-&£«. H5-f ^*f*I GBT©y-hm&£>I* 

ffifcuaa^fctt^awcfiTa-fr, k 2t-© i gb 

-C, I GBT©3 5-^(CJ:SnU^^m^TK§fi^ 
©jl*l£'>&< IGBT©y-Mfi, 
T:3U***tt£«-*»j&W::<ST;£-&. a*<cd i/d t 

[0 0 4 1] 

Wt>@5i:^ii:, OUTOft^-izmWlZntc I GBT 
3 0©y-h£3=mbTI GBT3 0 £;t >£li-5 P 
t^MO SFETlt, IGBT3 0©y-h5Kl 
1/TIGBT3 0^7Jt5Nft^MOSFET 



2t)^'J K7-fA3t±0WIIStl, I G B T 3 0 ©ii 

[0 0 4 2] 01C0 5i:SS^H iS«Sit^t*©S 
I GBT 3 OSai^KaiW-r*^*© H5-f y 
tl27©4>fcHN^*;UMOS FET 2 O^ffl^T, K 
7-f :/ffi:*J©*:£^S?!?j&»rJB©MO S F E T 2 ©y*- 
h£4>£U>mSfcfc<fc05fc«U I GBT3 0© 

[0 0 4 3] KT*WV7H(r<D»IP*. *rH 
7 tC*tt-5±7— A I GBT 3 0 - 1 , 3 0 - 3tT7 

-a 3 o - 5^><DVimx'tatimmtm^rc : E- k 

y hmM<Dtt%.ttzZ> I GBT 3 01ST7-A I GBT 
3 0-5 

[0 0 4 4] i©*»T?©S»**©«^tt. 5fetC^ 

fe«t o \z. mm*t&<D i g b t 3 o \z\tmzm£±nm 

«flEV„^Jnt)^T45 0. I GBT3 0 ©y— bH£E V 
®^f-5fcJ6. 0 6C*>tt-5A®Jg©y-h®E©{£T 

[0 0 4 5] iai \z&W2>y°u F^-i nzv>*>-*y\ 

1IC "Iff D" ^^-TLfS^^EPSP 3*1-5 
y«J K^fASttPy-^HviOS FET 1 £jg#f 
TSm^trSltbLT I GBT 3 o ©y- h©5fcmiHlg§£ 
HU-SJ^fCf fiSf$©jfi#r<fcttg&0, Ny-v 
*MOS F E T 2 &*>?Z>fctb<Dmmtmtii L£ 

[0 0 4 6] Nf t^^MO S F ET 2 5t>t5fc* 

1 iCLft^^jp^tl, Pft^MOSFETlOili 

[0 0 4 7] C©fc«)Nft^l'MOS FET2©y— 
bni£<D±mtm*>frtZh<D\Zl3.2>. $e.»C, MOSF 
ET 2 ©y- hiffffl±#Cff -5MO S F E T 2 ©t> 
ffifet©{£TftLfc^oT. I GBT3 0©y-hmJE. 
t&to^MO S F E T 2 © H U--T 
Z\<D H l/-f ^EEfiTlC.fc^S 7-^*©fc*»CMO S 
F E T 2 ©y- h ^ I.it60#< HlKUfS 
1 3 t LT^tMOS F E T 2 ©y— h • PK> 

rfl#s*5tem-r^©ic^ti^>fcJ6, MOS FET 2© 

y-hmJE©±#aft«$e»fCii<^^. SEoT. IG 
B T 3 0 ©y- h«ffi©<gTj^«#^K<£^{t£:ft 
-5. 

[0 0 4 8] ba>L&j&*S. 5ttC^feJ;ofC I GBT 

Jitr^n-Sfc©, IGBT3 0l;^t5 5 7-MBl 
< i6fflBt«lii<) , IGBT3 0«^f 
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[0 0 4 9] ^(I@7 CD±y-A I GBT 3 0 - 1 £T 
7-AIGBT3 0- 5, 3 0 - 6 ***><Dtt!lT[ti# 

bfc^E- F 2 ©V7 hatWKOIf>TKWt" 
So C®*£I2B1 K&^TV? haEK®#*£&« I 
GBT 3 0«T7-AO3 0 - 5^3 0-6 <hft5. 

[0 0 5 0] C©»^«)H6JC43W*A««*««EtoSS 
7?tt I G B T 3 0 coy- hWBEOfiTOja-ett^E- F 1 

-AIGBT3 0 - 5, 3 0 - 6 <DU &mffil 
c \t, W-METft*oT*6f, ±7-AIG 
BT 3 0 - 1 I c ^IGBT30-5, 
3 0 -6t^fiLT^5[:f^K 
[0 0 5 1] fct, IGBT 3 0 - 5, 3 0 - 6 \Zffi 
nzuUZPmWil c ttH6fc«-rJ:5fcA*«-C»4ft 
TL&V>. ifc, IGBT3 0 - 5, 3 0 -6«y— h 

^ ^-$)S7^£U IGBT3 0©y-hi^t«S 

[0 0 5 2] LfrLfttfe, IGBT3 0-5, 3 0- 
6 coy- FSJE, -r^to-feH 1 OMO SFET20HU 
-f >«ffi#teTbfc<fc*i, MOSFET2f:M^ 
5 7-j»*4a<3i0, MOSFET2©y-h**« 

cflebn, MosFET2©y-h«jE»4tt«MAa^ 

[0 0 5 3] MO S F E T 2 I4tc* K 7< ^IB**<B^ 
-rntf«ti*>aia^a:Sfc«6, IGBT30-5, 3 

o-6 oy- h««r tttKAiixcint * - izimm 

£t*0* fie*«©«k3tH6©B««^S«Jcfi<itt4 

[0 0 5 4] d6D^E-F2T*t4I GBT^nl/^^lSt 
I c ^» ^ TKT * <0 >4 H 6 © C «« *r A o T T 
£9, ««EI c s9tTI»SH»"r-5fifOMOSFET2CD 
*>tttfl»4WK:KWb&qE- F 1 KJt«LT<6<&oT 
^*fc«>, «SE I c aiTfcTSfllBtt^- F 1 ©i§£rJ; 
D;fc#<&£. L*>U MOSFET 2 <0:*>}gtra4ffi 

So 

[0 0 5 5] u©t-F2TttIGBT3 0- 

5, 3 0-60)3 c f4S9fcR^Lfc : E—H 

[0 0 5 6] <hC5T, ±m<D^o\ZUOSFET 2 0) 



y— h*fi^««ET*«-r*t. MOSFET2©y- 
h«ffi*y— M/#^«K31l/, MOSFET2^> 
LHitiWWfi<&0, IGBT3 0^ffliflt« 
ICS^T^^ I GBT 3 oeftRtrBKHttTSST 
©WfB»»*<fcD, IGBT3 0(Offii«t:^Bl 

[0 0 5 7] B 1 tSunS*i:^5MTI»ll: LT 
OTIelgSl 6HJ:DNft^l/MOSFET 14, 15 

a**>-r*. mosfet4«mos fet2 <trai;y 

-Mt^ISItofcMOSFETt, MOSFET2 
oy-Utt^ *©y— hL#V>«ST*L&WBtt 
MOS FET4^fe«8g^gftn-r, * 1/ > h ^ ^-HJ&g 
S*^MOSFET5, 6Ht)l«m^^o 

[0 0 5 8] f-pt, Pf t^MO S F E T 8 coy— 
h^liiSTCckOGNDlfirt&DMOSFETS 
Jd^>tl)Ot, MOSFET8, 15^11/TMOS 
FET2 0)y-h»4^ljSfw*«SnS e MOSFET2 
©y- hiWlt^tlClt^^MOS FET4l:fc 
MOSFET5, 1 4*ST«»ftWU #U>F5^ 
— El&KcfcfK MOSFET6[:t)l^m^)o 

[0 0 5 9] fbt, ^O«i«^««EjB7(0««[ffl[* 
a^5t, MOS FET8©y-h«<ai4±#U MO 
S F E T 8 W7t§« CCDrztb. MOSFET2©* 

««W4««»9*6«»an*«8iE©*^fiT"r*. 

[0 0 6 0] H±©lff tck D MO S F E T 2 h 

ti, y-hb*^«fc»bfc»i:f4i«^K3te«"r* 

©T, I GBT 3 0<B»#iB«H£S8£itfgj&>SMOSF 
ET2<O^->^>fcJ:0 I GBT««#TRUfc»<5 

Q&&m j $>friz?2>z.tif)iBjm£tiLZ>o 

[0 0 6 1] te*, MOSFET 1 5&4MOSFET2 
(DM^COm^mzUO SFET8IU«9MOSFET2 

"C, MOSFET 1 414MOS FET2©S#<D»fl2P$ 

tc^ u> f s 9-H*ic«**i«En* ci t*i»ifc-r*fc 

[0 0 6 2] H1^45^Ty-h«tt«miiIBl 
7 14 1 GBT 3 0<oy— h«JE**b^^fi£tT0)Bf^« 

t z <t o m o s f e t 2 <o y - f £ jtm 2 -tt s © id * m 

n 0 iftlCctDftil&d i/d t^»4t53En©a< 
S:ofcfipj«a«fc I GBT 3 0 <D*8fc<Btt*>*>fcaWr* 
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[0 0 6 3] &*3, Ml fC^TMOSFET 1 
0ll:Pft*MOSFETT*^Tt)Nft*M 
OS FETCDV— X7tP7T'»oTt), &£</>te^<Z) 
ffl^^it^£TfeoTt>A<, IGBT30^-> 

m&tmteO. V7MSfffia)MOSFET2 0^o 
T^ftl^ 0 5 tmmiZMO S F E T 2 hteWWzmtz 
ftV7 hii^ffflMOS FET2 0 ^OMOSF 

[0 0 6 5] L*>U d<7)^, £Tfctc!£tt>5MOSF 

mi (D^o^+^^^-r^mtKD^^mn^'y^y 
mcDMo s f et 2 y hi&mmuo s f et t^m 

[0066] (^mm 2) m2 \ttmn<nm, 2 <D^mm 
tLT<D^<Dmf&%^-?\B\mm-e$>z>o mmvm it 

SSSiMH Nft*MOSFET2©y-h- 
O S F E T 2 ©y— h l#^i(:Il&^TMO S 

f e t 2 <D7- b&i&m\zftm?&m&fim^&-c& 

[0 0 6 7] *^iWTI4MO S F E T 2 
1101 3T\ 02Trte^KLT^fc^) \ZWP\\ZZ1> 
x>^JfA^nT*5 0, MOSFET2C^7-?B 

#«fco»<nn, mos FET2©y-h • y-xras 

[0 0 6 8] t£oT, 5t«*« 9 <-T* 
MOSFET20H U-f >HlEE (foil 
G B T 3 0 oy- hMEE) <DT&m&&» J t>fr\ZR*U 
MO S F E T 2 h * V-XP 0 1§iW^ 

StS^lilm MO S F E T 2 <D¥— htUffi^L 

0, i 1 O J; 3 ^MO S F E T 2 h ^tlC^l 

T*ia&)&*&<T*>, tt«WI^raT*IGBT3 0 0) 

[0 0 6 9] H2l:MOSFET2©ir-h 
*mi^**-rslHlK*iifiDL,T, ^bCMOSFET 

[0 0 7 0] (Hi£0*J 3)^3 tt*S69i<0* 3 <2)%tt0!l 

02£9^ft(£;*^:3>^>1f 2 1 KX-f 
f <h I t^N^ t ^MO S F E T 2 2 ^i^tl, g 
Sfi^A**^ 1 1#L (TPr*?) Kfcofc«fc€?<Z> 
#0 >^>it2 1 ^MO S F E T 2 <D*f- h • KK > 
RII:»«Sn^t, MOSFET2^-WffiO) 



[0071] -rafoft, IISft^A^^i hah (/ 

>72?r><Zf) C7)®S^JC«, MOSFET22^t7 

£it£>, ®SOjgftTMOS FET2»t>t§, 
[0 0 7 2] IISfB^A^S^ 11CL 

^HJJP$nfc»-&«> MOSFET2 2**>n: 

chtCckO, 3>f>it2 1^MOSFET2(Dir-h- 
KK>rafI^$n, ^l^il:J:0MOSFET2 

<D^ ?—%}Mtf*:^<teZ>fztf>, MOSFET20HU 

-f >«m> -r&te-s 1 g b t 3 0 <oy— hmm<^Ti^3S 

:fc#^<zre* MOSFET2^-ME^L^^ll: 

irr^utp^ 1 g b t 3 0 <ay- hmm^T^as^iwi 

[0 0 7 3] (£ffi0lj 4)04 tt*589I<BS 4 <Z)£ffi0q 

^LT0Mgp<D«^^^TiHiss0T> mm<Dm3tgt£ 

S^Bn^U-2 1 (hMOS FET2 2<Df^\Z^^^r 
-H2 4^i$tl, ^<*-K2 4<h3>^>it2 1 
i©Sia,fii:y7>HGNDOMl:MOSFET2 5 

[0 0 7 4] IP^, H3l:i5^TttM0SFET2 2O 
3F£i^ *— K2 3 fCctO. MOSFET2W->t 
ym\Z\t, «l:3>f >t2 l^MOSFET2fl)y- 
h- K K >Ml:»KSftT^-5ttlBt:a 0 , MOSF 
ET2^->t7^I<&5, 

[0 0 7 5] B4©^-f*-K24H C^->t7 

ojin^Kih-rsfci&^jfA^nfcfc^T, mosfe 

T20FK 6 h \ZffiftZ>nWL : £:& j m't2>h(D 
MOSFET2 5«S»«^AA«fl 

i\zm^mn (u ^&^iT3>r>^2icoif 

[0 0 7 6] 

ffiw<D$hm (»*3Hi) tcfcntf, ig»*f^ 
mnffite£<Dmi%m\z, coiGBToy-ht^^ 

fet^) ©y-h«ffia>±#iaiB#tt*a>K:&* 

&o\ZZ.<DMOS F ETOy- h^r3t®"r^)i:^^U, 
KLfcO (»*S3, 4) , ifc, MOSFETOy- 

b<o^mmm\zmm^mmti<D^^mnmmm(Dmm 
&&mi,tz^m&\z\z. c©y-htKK>wi:*t 

/X^*»gtr*J:5fcLfcO (Hf#^5, 6) , £fc 
ffirEI GBT^-h©fWl^^MEtT^Si<i 
izmisfcVZiZ. Z.<Dtr-h<Dmi<L$:m j Pfr\zTtf2><£ 
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*tc. I GBT*«E©T»»«*8K»*»K:LT. 
di/dt fc«t*-y— vSJE<D32££tt]*., *V3 I GB 

[H9S0flf¥&K91] 

[01] *^Hj<Dmi»*SSfi»Ji:LTCD^W«fig^^ 



[0 2] **M©*2-0*i6«tUT©B«0«ia** 
TI3&0 

[0 3] #S^©»3©*16HiLT©B»©*jS£jR 

[0 4] *58MO«4 0«K«tUT©»ffl©«riE*S 
-flElSS0 

[0 5] fl£*©K5-fy@j»»C*W-*V7haWr@IS© 
#J£*-T0 
[06] I GBT©^->^-7#tt©|«Bj0 

[07] ¥lfi:X^7f>^fiLTIGBT$ffl^ 
fc-f >/\*-^Sg©±lHl?S*^J$r^-r0 
[08] I GBT©W*«««fC*W**«*EE»[»© 



[09] -1* Wt-^SH©a*iilSWffc*Jt* I GBT 
©»f£j&©IKIJI30 

[^©ia^] 

1 Pft^MOSFET 

2 N^*;HvlOSFET 

3 yjH?-f/X 

4 Nft^WOSFET 
5, 6 Pft^MOSFET 

7 ismffim. 

8 Pft^MOSFET 

9 ^StiH 

10 Pf f ^Jl/MOS F E T 

1 1 Stf^AAS^ 

1 2 *>*7m^\l3M=? 
1 3 

14, 15 NftMMOSFET 

1 6 NOTEJgg 

17 7-bm®.Wi\!&m'& 

2 1 a >^>* 

2 2 Nft^MOSFET 

23 m^y-i^—v- 

2 4 P^*— H 

2 5 NftMMOSFET 

3 0 I GBT 



[01] 



[02] 



•Vec 




Vce 




[0 3] 



[0 5] 



120- 



18^ 



HP, 



21 



00 



30 



1 



HE' 



-Vce 



our 



i 
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(72)%fl# Stm mm F^-A(##) 5H740 AA08 BA11 BC01 BC02 MM12 

»^;iim;ii<i§m;iii§KBgasfffl 1 # 1 n 



THIS PAGE BLANK 



(USPTO) 



